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ABSTRACT 
Newborn mouse skin and human preputial skin were incubated for varying time periods 
in different media containing 1-C 14-acetate. Fatty acids were isolated by conventional 
chromatographic procedures and their radioactivity monitored. 
Complete tissue culture medium and serum or an oxygen atmosphere enhanced acetate 
uptake compared to that in phosphate buffer. This increase affected saturated acids more 
than unsaturated. Insulin increased incorporation, especially into PUF A, but prostaglandin 
E 2 exerted the opposite effect in some experiments. 
Incorporation into all acids increased with time, although there was a tendency to fall off 
or even plateau except in the case of polyunsaturated (PUFA) fractions. Individual PUFA, 
including linoleic and linolenic acids, showed a linear increase at widely different rates. The 
labeling rate of arachidonic acid tended to increase after about five hours. 
When human preputial or newborn mouse skin 
is exposed to C 14-acetate in vitro for four hours, 
9-14 percent of the radioactivity incorporated into 
fatty acids is located in the polyunsaturated fatty 
acid (PUFA) fraction, and the remainder is as-
sociated with the saturated and monoenoic groups 
[1). Under these conditions, radioactivity of the 
total fatty acids increases linearly with time up to 
about six hours [2), but whether or not this linear 
increase also holds for subfractions such as PUFA 
has not been demonstrated. As a preliminary to 
studies of interconversions of PUFA in skin, the 
observation of the variation of labeling with time 
would probably yield useful information, with 
respect to PUFA collectively and as individual 
fatty acids. 
Modification of the environment may inf1uence 
the relative extent of incorporation of acetate into 
saturated and PUF A fractions. This report de-
scribes the effect of conducting experiments in a 
complete tissue culture medium instead of a 
simple buffer solution . Most of the commercial 
media contain a variety of cofactors and other 
compounds which may enhance fatty acid synthe-
sis and may or may not favor desaturase activity 
as well (e.g., pyridoxal phosphate [3, 4]). Addition 
of insulin to the medium favors the synthesis of 
both saturated [5, 8) and unsaturated [6, 7] fatty 
acids. Because it resembles insulin in its capacity 
to increase glucose utilization [8, 9], the addition 
of prostaglandin E 2 may elevate incorporation of 
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acetate into saturated fatty acids; its effect on 
desaturase activity is unknown. Availability of 
oxygen favors desaturation [10 ]. 
This study describes the time course of acetate 
incorporation, and the effects of medium, oxygen, 
insulin, and prostaglandin E. on the uptake of 
C 14-acetate in vitro into PUFA of newborn mouse 
skin and human preputial skin. 
MATEHIALS AND METHODS 
Skin. Preputial skin specimens were obtained from 
the nursery following surgery; connective tissue was 
trimmed off. Newborn mice, strain BALB/c, 1-2 days 
old, were sacrificed and their skin removed. All tissue 
was rinsed with saline, blotted dry, and minced with 
scissors. 
Media. Krebs-Ringer phosphate buffer [11] was used 
with glucose (13 mM) and bicarbonate (4 .3 mM) but 
without pyruvate, fumarate or glutamate, pH 7.5, and 
was gassed with air or oxygen. McCoy 5a with or without 
10% serum was gassed with 5% CO, in air or oxygen. 
All media contained 1% v/v of antibiotic-antimycotic 
mixture (Gibco #524), and sodium 1-C 14-acetate (Swartz-
Mann, 56 mCi/mM) at a concentration of 2.5 I'Ci/ml. 
Other additives included insulin (1 unit/ml) and prosta-
glandin E 2 (gift of Alza Corp., 5 l'g/ml, added in 5 1'1 
ethanol). 
Labeling. Skin from 6-8 mice (litter mates) or 3 
preputial skins were minced, mixed, and divided into 
several portions of 80-120 mg each, placed in vials, 
weighed, and then shaken at 37° C for periods up to 7 
hours in 3 ml of medium using a shaking bath (Bruns-
wick Instrument Co., model G76, speed setting 5). 
Isolation of methyl esters. After labeling, tissue was 
rinsed in saline and homogenized in CHCI,-CH,OH 
(2: 1) in a glass (Dual!) homogenizer. The homogenate 
was filtered through fritted glass and solvents removed 
from the filtrate in a rotary evaporator at 50° C. 
Techniques for methylation of the residue, and purifi-
cation of methyl esters by TLC+ on silica gel have been 
described [12] except that benzene was used here to 
develop plates in one step. A sample of boiled skin, 
minced, inc1,1bated, and extracted in this way yielded 
methyl esters which were not radioactive; thus there was 
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no necessity to purify lipids from contaminating acetate 
before methylation. 
Purified methyl esters were resolved by silver ion TLC 
using Chromaflex plates (Kontes Glass Co., K41600, size 
C), each plate being coated with silica gel H (12 gm), 
AgNO, (1.2 gm) and NH,OH (30%, 30 ml) by the 
method of Wood and Snyder [13). The ester mixture 
from each sample was applied to a plate as a 16-cm 
streak and developed with 0.75% CH,OH in CHCl,. 
Ester bands were visualized in UV light after spraying 
with 0.2% ethanolic 2, 7-dichlorofluorescein. This proc-
ess separated saturates, monoenes, dienes, and a fourth 
band of more highly unsaturated acids (referred to here 
collectively as "polyenes"t). The 4 bands were scraped 
off, the silica extracted with CH,Cl,/CH,OH (4: 1), 
filtered, the filtrate evaporated and the residue dissolved 
in scintillation fluid and counted. 
When individual PUFA were under study, diene or 
polyene fractions were dissolved in pentane, an aliquot 
(5-10%) taken, evaporated and counted, and the re-
mainder reduced to a volume of 20-30 Ill and injected 
into a small-scale preparative GLC column [12] at 140° 
C, the oven being linearly programmed to 220° C, at~ o 
C/min, and held. Emerging peaks were collected m 
3-mm glass tubing, recovered by rinsing with scintilla-' 
tion fluid into vials, and counted. 
Reagents. Solvents were reagent grade, redistilled, 
md 2,6-di-t-butyl-p-cresol (BHT) added (0.001%). 
Fatty acid samples were handled under nitrogen as 
much as possible, e.g., in application to TLC plates, 
during methylation, in spraying plates and reducing 
volumes of pentane solutions. The scintillation counting 
techniques have been described previously [12]. 
RE~l'LTS 
Effect of medium and oxy!{en. In 3 hours, skin 
incorporated the amounts of C 14-acetate shown in 
Table I into fatty acids, classified as saturated, 
monoenes, diene, and polyenes (see footnote). 
This represented a convenient separation into the 
major classes, as satisfactory GLC separation of 
all individual PUFA could be accomplished by 
handling dienes and polyenes separately [1]. 
Compared to Krebs-Ringer buffer, the use of 
McCoy 5a increased the total incorporation by a 
factor of about 2.5, or 3.5 if oxygen was used 
instead of air, or 4.0 with serum and oxygen . 
Although considerably more radioactivity entered 
PUFA fractions when complete medium was used 
instead of buffer, the percentage of total counts in 
PUFA was higher with buffer ( 13.2 percent) than 
with medium (7 .4-8.6 percent) . This was obvi-
ously due to a greater stimulation of the synthesis 
of saturated acids by the McCoy medium. In-
creased oxygen concentration, as well as serum, 
had an overall stimulatory effect. 
As demonstrated before [1], preputial skin 
showed a rather different incorporation pattern 
t The term "polyenes" is used to refer to PUF A 
containing three through six double bonds. Abbrevia-
tions used include: TLC, thin-layer chromatography; 
GLC, gas-liquid chromatography. The method of ident-
ifying PUFA, e.g., 18: 2w6 is as follows: no. of carbon 
atoms (18), no. of double bonds (2), and no. of carbons 
from methyl end of the molecule to the nearest double 
bond (6). The w system identified the series (w3, w6, 
efc.) in which the latter number remains constant. 
than newborn mouse, only 6.9 percent of total 
counts entering PUFA although the saturated 
fraction became heavily labeled. Generally, pre-
putial skin showed higher uptake than mouse 
skin, whether expressed in terms of weight of skin 
(Table l) or as surface area (not shown). In fact, 
under the most favorable conditions (McCoy me-
dium, oxygen, serum) about 2 x 10' cpm/100 mg 
skin could be incorporated in 3 hours by preputial 
skin. 
Radioactivity associated with individual PUFA 
after isolation by GLC was examined. Preliminary 
data on this topic are available for both types of 
skin (1]. In this study the relative distribution was 
not affected by medium or oxygen concentration, 
and these data have been omitted. 
Effect of time. The time-course of incorporation 
of label into the four classes of fatty acids is given 
in Figure 1. These curves apply to mouse skin in 
Krebs-Ringer buffer, but similar curves were 
observed for McCoy 5a and for preputial skin in 
any medium, except that greater amounts of 
radioactivity were involved. During the first 2 
hours, rates of incorporation were maximum, and 
then fell off to some extent. This decrease was 
minimal for PUFA, but especially noticeable in 
the case of monoenes, whose radioactivity content 
tended to plateau with time. Saturated fatty acids 
were synthesized much faster than unsaturates, 
and their rate of synthesis declined slowly. 
After an initially faster rate, individual PUFA 
were labeled in a linear fashion up to 7 hours, as 
shown in Figures 2 and 3, for selected PUFA of 
mouse skin used in experiments conducted in 
Krebs-Ringer buffer. An exception was arachi-
donic acid (20: 4w6) which tended to increase after 
about 5 hours. Rates of labeling varied from 18 
cpm/hr/100 mg skin for 20: 4w6 to 118 for linoleic 
acid ( 18: 2w6). Increased rates were observed when 
McCoy's medium was used, and for preputial 
skin, but relative rates for individual PUFA were 
constant. 
The total mass of PUF A remained unaltered. 
This was inferred from the sum of the mass 
calculated from the heights of GLC peaks, using 
skin samples incubated for periods up to 7 hours 
including one sample which was not incubated at 
all. Thus loss of PUF A to the medium was judged 
not to be a pertinent experimental factor. 
Effect of insulin, PGE 2 • Under the conditions 
described (Table II), insulin elevated the uptake 
of C 14-acetate into total fatty acids by 88 percent 
over control experiments. The mean values for 
increase in uptake into dienes and polyenes (113 
and 124 percent respectively) were greater than 
the increases recorded for saturates (87 percent) or 
monoenes (43 percent). However, the relative 
incorporation into individual PUFA (not shown) 
remained constant. 
The presence of prostaglandin E. decreased 
uptake by 27 percent (Table II), but this was not 
statistically significant due to the wide spread of 
results, some experiments showing no effect, oth-
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TABLE I 
Effect of environment on uptake and distribution of acetate among fatty acid classes of preputial and newborn 
mouse skin 
Values are cpm x I0-'/100 mg skin . Samples were incubated for 3 hours at 3P C in 3 ml medium containing 7.5 
I'Ci of sodium 1-C"-acetate. 
Medium Krebs-Ringer McCoy 5a McCoy 5a + 10% serum 
Skin Mouse" Preputial' Mouse Mouse' Preputial' 
Gas Air Air Air/CO,c 0,/CO,C 0,/CO, 0, 
Saturated 12.92 ± 0.63 40.14 31.71 ± 1.06 46.95 ± 1.76 52.31 171.42 
Monoenes 3.86 ± 0.52 2.91 11.01 ± 1.00 14.56 ± 0.72 16.75 14.31 
Dienes 0.95 ± 0.09 1.89 1.43 ± 0.12 1.83 ± 0.07 2.31 8.86 
Polyenes 1.61 ± 0.15 1.29 2.08 ± 0.37 3.00 ± 0.21 3.52 6.05 
Total (x10-') 19.40 ± 0.71 46.30 46.33 ± 2.80 65.34±3.11 74.89 200.64 
• Means ± SEM from 10 experiments 
• Means of 2 experiments 
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FIG. 1. Time-course of C "-acetate incorporation into 
fatty acid classes of newborn mouse skin . Each point 
represents mean and limit values from five experiments. 
ers showing decreases of about 60 percent. No 
effect was observed on the relative labeling of 
individual PUF A. 
DISCl 'SSIO!\ 
In studies of PUFA metabolism in skin, meth-
ods of increasing C "-acetate incorporation are of 
interest because only 9-14 percent of the radioac-
tivity of skin fatty acids is found in the PUF A 
fractions following exposure of skin to the precur-
sor [1] . In experiments for which only limited 
amounts of tissue are available (e .g., skin biopsy 
materials), long periods of incubation may be 
necessary to provide adequate incorporation into 
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FIG. 2. Time-course of C "-acetate incorporation into 
selected individual PUF A of newborn mouse skin with 
time. Mean and limit values from five experiments. 
suggested that it was advantageous to use a 
complete tissue culture medium for incorporation 
experiments of prolonged duration [12]. 
For these reasons the uptake of C 14-acetate by 
skin in Krebs-Ringer phosphate buffer was com-
pared to uptake in a complete medium, McCoy 
5a. Other media would have sufficed, but some 
contained sodium acetate which would dilute the 
labeled compound; moreover, metabolic pathways 
might be distorted at high acetate concentrations 
[14]. The elevated incorporation induced by use of 
McCoy 5a, which was particularly striking with 
the saturated fatty acid fractions, probably re-
flected the higher bicarbonate concentration (26 
mM, against 4.3 mM for the phosphate buffer) as 
well as the stimulatory action of agents like 
pyridoxal phosphate and other cofactors. These 
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effects have been observed by Wheatley [3]. 
Enhanced incorporation into saturates (Table I, 
using air/CO.) was probably due to increased de 
novo synthesis. Serum and oxygen also exerted 
slight positive effects. 
The identity and radioactivity content of vari-
ous PUFA (after exposure of skin to C"-acetate) 
of preputial and newborn mouse skin have been 
discussed [1]. In that study, radioactivity as-
sociated with linoleic and linolenic acids was 
found to be located in the carboxyl carbon. This 
phenomenon is usually attributed to either a 
nonspecific reaction by which the two terminal 
carbon atoms are exchanged with C "-acetate 
from the acetate pool (or with the same carbon 
atoms of a labeled fatty acid), or to the elongation 
of 16: 2w6 by one acetate unit [15, 16]. The latter 
process probably resembles other chain extensions 
(e.g., 18: 2w6 ~ 20: 2w6, etc.). The kinetics of the 
exchange reaction are unknown, but might be 
expected to differ from those of chain elongation. 
On the whole, the data here favored elongation, as 
the time-course labeling of linoleic and linolenic 
acids was very similar to that of other PUF A, and 
factors which modified the labeling of other PUFA 
(McCoy 5a medium, insulin, etc.) also affected 
the "essential" acids to a proportionate extent. 
However, the C 16 precursor has not been identified 
to date. 
The reason for the increased rate of labeling of 
20:4w6 after several hours' incubation (Fig. 3) is 
unclear. Investigation showed that it did not arise 
from contamination of 20: 4w6 with the highly 
labeled 20:3w6 peak which preceded it during 
GLC, or from accumulation of an unidentified 
PUFA with similar retention time. 
Hsia has shown that insulin increased acetate 
incorporation intl' total fatty acids of human skin 
from fasted subje.~ts [5]. This result has been 
confirmed in this study using newborn mouse 
skin. PUFA fractions showed a relatively greater 
increase than monoene or saturated fractions 
(Table II). This could be explained by the ability 
of insulin to enhance desaturase activity as has 
been demonstrated with specific desaturations 
such as 18: 2w6 ~ 18: 3w6 [7] and 18: 3w3 ~ 18: 4w3 
[6]. Results here failed to show that desaturation 
of any particular fatty acid was favored. 
Increased labeling of saturated fatty acids is 
explicable on the basis of insulin-stimulated utili-
zation of glucose [8]. Ziboh and Hsia showed that 
prostaglandin E. had a similar effect [9]. In this 
study, despite the use of the maximum PGE. 
concentration suggested by Hsia (5 ,ug/ml), a 
decrease in acetate incorporation was observed 
which was not statistically significant. It seemed 
inconceivable that dilution of the acetyl CoA pool 
by unlabeled precursor derived from glucose in the 
medium should be a factor, as this explanation 
should apply equally well to experiments involv-
ing insulin . 
As already indicated, although various factors 

















FIG. 3. Time-course of C "-acetate incorporation into 
selected individual PUFA of newborn mouse skin with 
time. Mean and limit values from five experiments. 
TABLE II 
Effect of various agents on uptake and distribution of 
acetate among fatty acid classes of mouse skin from mice 
starved 24 hours 
Values are cpm x 10- 3/100 mg skin after incubation 
for 3 hours at 37° C in 3 ml Krebs-Ringer buffer in air 
with 7.5 ~tCi of sodium 1-C "-acetate. 
Control Insulin' PGE,• 
Saturated 12.19 ± 0.48 22.88 ± 0.93 9.07 ± 3.41 
Monoenes 4.21 ± 0.48 6.19 ± 0.74 2.92 ± 1.05 
Dienes 0.51 ± 0.04 1.09 ± 0.09 0.42 ± 0.13 
Polyenes 0.83 ± 0.30 1.86 ± 0.36 0.65 ± 0.24 
Total ( x 10- 3 ) 17.84 ± 1.02 32.12 ± 2.02 13.06 ± 4.61 
a 1 unit/ml, mean ± SEM from 6 experiments. 
'5 llg/ml, mean ± SEM from 6 experiments. 
incorporated into the collective PUF A fraction, 
the relative amounts of C 14 associated with indi-
vidual members remained constant (with the ex-
ception of 20: 4w6). The desaturation of all PUFA 
with 18, 20, and 22 carbons is possibly carried out 
by the same enzyme [17]. Induction of this desat-
urase is promoted by insulin and by dietary 
factors whose effect is perhaps similar to that of a 
complete culture medium. Increased PUFA label-
ing may be ascribed to desaturase induction and 
increased labeling of the acetyl CoA pool. 
Wheatley emphasized that a phosphate buffer 
without additives provided conditions under 
which lipogenesis more closely represented in 
vivo metabolism [3]. However, these conditions 
may be modified as shown to provide sufficient 
radioactivity in unsaturated fatty acids to permit 
further studies of such questions as the distribu-
tion of the label along carbon chains. 
REFERENCES 
1. Wilkinson Dl: Polyunsaturated fatty acids of skin; 
192 THE JOURNAl. OF 1'\ YESTICATIVE DERMATOLO(;y 
identification and "C-acetate incorporation. Lip-
ids 7:544, 1972 
2. Hsia. SL, Sofer G, Lane B: Lipid metabolism in 
human skin. I. Lipogenesis from acetate-1-"C. J 
Invest Dermatol 47:437, 1966 
3. Wheatley VR, Hodgins LT, Coon WM: Cutaneous 
lipogenesis. I. Evaluation of model systems and 
the utilization of acetate, citrate and glucose as 
compared with other tissues. J Invest Dermatol 
54:288, 1970 
4. Mead JF: The metabolism of the polyunsaturated 
fatty acids, Progress in the Chemistry of Fats and 
Others Lipids, vol. IX, pt. 2. Edited by RT 
Holman. New York, Pergamon Press, 1968, p 187 
5. Hsia SL, Dreize MA, Marquez MC: Lipid metabo-
lism in human skin. II. A study of lipogenesis in 
the skin of diabetic patients. J Invest Dermatol 
47:443, 1966 
6. Mercuri D, Peluffo RO, Brenner RR: Effect of 
insulin on the oxidative desaturation of a-linole-
nic, oleic and palmitic acids. Lipids 2:284, 1967 
7. Brenner RR, Peluffo RO, Mercuri 0, Restelli N: 
Effect of arachidonic acid in the alloxan-diabetic 
rat. Am J Physiol 215:63, 1968 _ 
8. Ziboh VA, Wright R, Hsia SL: Effects of insulin on 
the uptake and metabolism of glucose by rat skin 
in vitro. Arch Biochem Biophys 146:93, 1971 
9. Ziboh VA, Hsia SL: Prostaglandin E,: biosynthesis 
and effects on glucose and lipid metabolism in rat 
skin. Arch Biochem Biophys 146:100, 1971 
10. Harris P, James AT: The effect of low temperatures 
on fatty acid biosynthesis in plants. Biochem J 
112:325, 1969 
11. Krebs HA: Body size and tissue respiration. Bio-
chim Biophys Acta 4:269, 1950 
12. Wilkinson Dl: Incorporation of acetate-1- "C into 
fatty acids of isolated epidermal cells. J Invest 
Derma to! 54:132, 1970 
13. Wood R, Snyder F: Modified silver ion thin-layer 
chromatography. JAm Oil Chern Soc 43:53, 1966 
14. Duncombe WG: Fatty acid synthesis in rat adipose 
tissue: tracer concentration effects in vitro. Bio-
chem J 106:179, 1968 
15. Steinberg G, Slaton WH, Howton DR, Mead JF: 
Metabolism of essential fatty acids. V. Metabolic 
pathway of linolenic acid. J Bioi Chern 224:841, 
1957 
16. Barron E.J: The mitochondrial fatty acid synthesiz-
ing system: general properties and acetate incorp-
oration into monoenoic acids. Biochim Biophys 
Acta 116:425, 1966 
17. Brenner RR: The desaturation step in the animal 
biosynthesis of polyunsaturated fatty acids. Lipids 
6:567, 1971 
